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In recent years, with the continuous development of fabrication techniques of wide 
band gap compound semiconductors, GaN and ZnO-based semiconductor materials are 
widely used in optoelectronic devices as well as micro- and nanoscale electronic devices. 
Besides the wide band gap, ZnO-based semiconductors have a large exciton binding 
energy of 60 meV. Such a large excition binding energy makes ZnO more suitable for 
the applications in light-emitting diodes, lasers and other devices. Therefore, the growth 
of high-quality ZnO thin films has become the hot spot in the semiconductor research 
field.  
In order to improve the crystal quatlity of ZnO, the surface growth kinetics of the 
ZnO grown on a (0001) Zn polar surface, as well as the controllable growth of 
high-quality ZnO thin films have been studied theoretically and experimentally. To 
figure out the surface growth kinetics of the ZnO, the lattice dynamics parameters 
including the surface total energies, the diffusion barrier and interaction energies among 
monomers for four types of typical deposition monomers, such as the Zn atoms, ZnO 
molecules, Zn3O1 and Zn1O3 clusters are calculated by first-principles simulation firstly. 
Then the initial surface morphology of ZnO growth, the evolution of island number and 
size in the growth process as well as the crystal structure and quality are simulated by 
kinetic Monte Carlo method. The simulation results indicate that the Zn monomer can 
be easily deposited in the wurtzite structure site of the ZnO crystal. While ZnO 
monomers tend to be deposited in the zinc blende site, but they distribute scatterly and 
are difficult to lead to nucleation. For Zn3O1 cluster monomers, although they are easier 
to deposit and gather in the wurtzite sites, and the island size, the phase composition 
ratio of wurtzite structure and the growth dimensions increase with temperature, there 
are some holes in the single phase region. While Zn1O3 cluster monomers are found to 
be formed the most compact structure which the wurtzite structure phase composition, 
aggregation island number and size and the growth dimension are nearly independent 
with temperature. Experimently, we have grown the homoepitaxial ZnO thin films on 















conditions, there is a single wurtzite structure phase in ZnO thin layer, and some defect 
exist between the grains; while in O-rich conditions, both zinc blende and wurtzite 
structure phases appear in the ZnO thin layer as the RHEED patterns indicated. In light 
of the simulated and experimental results, we propose a two-step deposition growth 
method to obtain a single phase and stable thin-film crystals, in which Zn and O single 
atomic layers are alternately deposited. The STM and RHEED characterization results 
show that the single phase and smooth surface of two-dimensional ZnO thin film has 
been achived by using the two-step deposition growth method. 
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族原子成键，形成一个四面体。其中纤锌矿结构ZnO的晶格常数分别为a = 0.3249 



















图 1.1 ZnO半导体结构：(a) 岩盐矿结构(B1)； 
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